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IPEA-US $710.00 

ISA - US $740.00 

PTO not ISA or IPEA $1 ,040.00 

Claims meet PCT Art. 33(1 )-(4) $1 00.00 
-IPEA-US 

Filing with EPO or JPO search $890.00 
report 




Enter appropriate basic fee -* 


$890.00 


Claims* 


Number 
filed 




Number extra 


Rate 




Total claims 


12 


-20 


0 


$18.00 


$0.00 


Independent claims 


1 


-3 


0 


$84.00 


$0.00 


Multiple dependent claims (if applicable) 


$280.00 




Total of above 


$890.00 


Small entity statement enclosed, 1 if Yes, 0 if No -* 


0 


$0.00 


Total national fee 


$890.00 


Fee for recording enclosed assignment 


$40.00 




Total fees enclosed 


$890,00 



*After any attached preliminary amendment reducing the number of claims and/or 
deleting multiple dependencies. 

[X ] A check in the amount of $ 890.00 to cover the above fees is enclosed. 

[ ] Please charge our Deposit Account No. 18-0988 in the amount of 
$ . A duplicate copy of this sheet is enclosed. 
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NATIONAL FEE MUST BE PAID WITHIN THE 20/30 MONTH TIME LIMIT. 
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16. The Commissioner is hereby authorized to charge the following additional fees 
that may be required by this paper and during the entire pendency of this 
application to our Deposit Account No. 18-0988: 

a. [X] 37 CFR 1 .492(a)(1 ), (2), (3), (4) and (5) (basic national fee) 

WARNING: BECAUSE FAILURE TO PAY THE NATIONAL FEE WITHIN 30 MONTHS WITHOUT 
EXTENSION (37 CFR S 1.495(B)(2)) RESULTS IN ABANDONMENT OF THE APPLICATION, IT WOULD BE 
BEST TO ALWAYS CHECK THE ABOVE BOX. 

b. [ ] 37 CFR 1 .492(b), (c) and (d) (presentation of extra claims) 

NOTE: Because additional fees for excess or multiple dependent claims not paid on filing or on later 
presentation must only be paid or these claims cancelled by amendment prior to the expiration of the time 
period set for response by the PTO in any notice of fee deficiency (37 CFR 1 .492(d)), it might be best not to 
authorize the PTO to charge additional claim fees, except possibly when dealing with amendments after final 
action. 
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Internet: dbulson@rennerotto.com 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re National Phase of: 



Attorney Docket No. TURKP01 18US 

PRELIMINARY AMENDMENT DELETING MULTIPLE DEPENDENCIES 

Commissioner for Patents 

United States Patent and Trademark Office 

Washington, DC 20231 



Please amend the application in accordance with the following appended parts: 

A. Clean Version of Replacement Paragraph/Section/Claim with 
Instructions for Entry; and 

B. Version with Markings to Show Changes Made. 



By way of the foregoing, all of the claims have been amended to delete multiple 
dependencies. In the event there still remains a claim that depends from more than 
one claim, the Office is hereby authorized to amend such claim to depend from the first 
mentioned of the multiple claims from which it depends. 



Applicant: 

PCT Application No.: 
PCT Filing Date: 
Title: 



Stephan Appelt et al. 
PCT/EP00/05251 
June 7, 2000 

SAMPLE CELL FOR AN INERT GAS POLARISER 



Sir: 



Remarks 



Respectfully submitted, 




Don W. Bulson, Reg. No. 28,192 
RENNER, OTTO, BOISSELLE & SKLAR, LLP 
1621 Euclid Avenue - Nineteenth Floor 
Cleveland, Ohio 44115 
(216) 621-1113 
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A. Clean Version of Replacement Paraqraph/Section/Claim 
with Instructions for Entry 

Please amend the application as follows: 

In the Claims: 

Please substitute the following claims for the pending claims of corresponding 
number. 

3. Sample cell according to claim 1 , characterised in that the sample cell comprises 
two plane windows (2, 3) which are arranged parallel to one another. 

4. Sample cell according to claim 1 , characterised by two projecting radii (8) of at 
least one millimetre on either side of the window or windows, which radii are arranged 
directly adjacent to the circumference of the window and form a pressure-resistant joint 
with the rim of the orifice. 

5. Sample cell according to claim 1 , characterised by borosilicate glass of which the 
glass body (1)is composed and borofloate glass of which the windows (2, 3) are 
composed. 

6. Sample cell according to claim 1 , characterised in that the glass (1 , 2, 3) is at 
least 5 mm thick. 

7. Sample cell according to claim 1 , characterised in that the external diameter of 
the glass body (1) is between 20 and 100 millimetres, in particular between 35 and 40 
millimetres. 

8. Sample cell according to claim 1 , characterised in that the sample cell is part of a 
polariser for polarising a inert gas. 

9. Sample cell according to claim 1 , characterised in that valves (6, 7) which are 
produced from glass and comprise ring seals made of ethylene propylene are provided 
at the entrance and exit for the gas. 
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10. Method of producing a sample cell according to claim 1 , which is characterised in 
that a glass body with an orifice, an inlet and an outlet is provided, a plane window is 
inserted into the orifice, the circumference of the window corresponding to the 
circumference of the orifice and the rim of the orifice being thicker than the thickness of 
the window, and the rim is heated from the exterior at least twice in such a way that the 
glass in the vicinity of the rim melts, creating a fused joint between the window and the 
rim. 

1 1 . Method according to claim 10, in which the rim or rims of each window is ground 
prior to insertion and prior to fusion with the rim of the orifice of the glass body, in 
particular the rim is ground cylindrically and is then cleaned with an acid, in particular 
with hydrofluoric acid. 

12. Use of a sample cell according to claim 1 at pressures of at least 10 bar. 



B. Version with Markings to Show Changes Made 

Please amend the application as follows: 
In the Claims: 

3. (Amended) Sample cell according to claim 1 [or 2], characterised in that the 
sample cell comprises two plane windows (2, 3) which are arranged parallel to one 
another. 

4. (Amended) Sample cell according to [any of the preceding claims] claim 1 , 
characterised by two projecting radii (8) of at least one millimetre on either side of the 
window or windows, which radii are arranged directly adjacent to the circumference of 
the window and form a pressure-resistant joint with the rim of the orifice. 

5. (Amended) Sample cell according to [any of the preceding claims] claim 1, 
characterised by borosilicate glass of which the glass body (1) is composed and 
borofloate glass of which the windows (2, 3) are composed. 

6. (Amended) Sample cell according to [any of the preceding claims] claim 1, 
characterised in that the glass (1 , 2, 3) is at least 5 mm thick. 

7. (Amended) Sample cell according to [any of the preceding claims] claim 1, 
characterised in that the external diameter of the glass body (1 ) is between 20 and 1 00 
millimetres, in particular between 35 and 40 millimetres. 

8. (Amended) Sample cell according to [any of the preceding claims] claim 1, 
characterised in that the sample cell is part of a polariser for polarising a inert gas. 

9. (Amended) Sample cell according to [any of the preceding claims] claim 1, 
characterised in that valves (6, 7) which are produced from glass and comprise ring 
seals made of ethylene propylene are provided at the entrance and exit for the gas. 

10. (Amended) Method of producing a sample cell according to [any of the preceding 
claims] claim 1 . which is characterised in that a glass body with an orifice, an inlet and 
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an outlet is provided, a plane window is inserted into the orifice, the circumference of 
the window corresponding to the circumference of the orifice and the rim of the orifice 
being thicker than the thickness of the window, and the rim is heated from the exterior 
at least twice in such a way that the glass in the vicinity of the rim melts, creating a 
fused joint between the window and the rim. 

1 1 . (Amended) Method according to [the preceding claim] claim 10 . in which the rim 
or rims of each window is ground prior to insertion and prior to fusion with the rim of the 
orifice of the glass body, in particular the rim is ground cylindrically and is then cleaned 
with an acid, in particular with hydrofluoric acid. 

12. (Amended) Use of a sample cell according to [any of the apparatus claims] 
claim 1 at pressures of at least 10 bar. 
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The invention relates to a sample cell for an inert gas polariser. The 
invention also relates to a method of producing 
the sample cell. 

A sample cell for an inert gas polariser is known which consists of glass, a 
gas inlet and a gas outlet and through which the light of a laser is conveyed. 

Recent developments in magnetic resonance tomography (MRT)and in 
magnetic resonance spectroscopy (NMR)with polarised inert gases have led to 
expectations of applications in medicine, physics and material sciences. High 
polarisation of nuclear spins may be achieved by optical pumping using alkali 
atoms, as demonstrated by the document Happer et al, Phys. Rev. A, 29, 3092 
(1984). At present, rubidium is typically used in the presence of an inert gas and 
nitrogen. This enables nuclear spin polarisation of the inert gas xenon ( 129 Xe)of 
about 20 percent to be achieved. This nuclear spin polarisation is about 100,000 
times greater than the equilibrium polarisation in clinical magnetic resonance 
tomographs. The associated drastic increase in the signal-to-noise ratio explains 
why possible new applications in medicine, science and technology are expected 
in future. 

The term polarisation denotes the degree of orientation (ordering)of the 
spin of atomic nuclei or electrons. 100 percent polarisation denotes, for example, 
that all nuclei or electrons are oriented in the same manner. The polarisation of 
nuclei or electrons is associated with a magnetic moment. 

Polarised xenon is, for example, inhaled by or injected into a person. The 
polarised xenon accumulates in the brain 10 to 15 seconds later. The distribution 
of the inert gas in the brain is detected by magnetic resonance tomography. The 
result is used for further analysis. 




The choice of the inert gas depends on the application. 129 xenon has a 
great chemical shift. If xenon, for example, is adsorbed on a surface, its resonant 
frequency changes significantly. Xenon also dissolves in fat-loving (i. e. 
lipophilic)liquids. Xenon is used when these properties are desired. 

The inert gas helium barely dissolves in liquids. Therefore, the isotope 
3 helium is generally used when cavities are concerned. The human lung is an 
example of such a cavity. 

Some inert gases have valuable properties different from those mentioned 
above. For example, the isotopes 83 krypton, 21 neon and 131 xenon have a 
quadrupole moment which is of interest, for example, for experiments in basic 
research and in surface physics. However, these inert gases are very expensive 
so they are unsuitable for applications demanding relatively large amounts. 

It is known from the document B. Driehuys et al, Appl. Phys. Lett. 69, 1668 
(1996)to polarise inert gases in the following manner. 

Circularly polarised light, i. e. light in which the angular momentum or the 
spin of the photons all point in the same direction is prepared using a laser. The 
angular momentum of the photons is transmitted to free electrons of alkali atoms. 
The spins of the alkali atom electrons therefore deviate greatly from the thermal 
equilibrium. The alkali atoms are therefore polarised. The polarisation of the 
electron spin is transmitted from an alkali atom to an inert gas atom by a collision 
between an alkali atom and an inert gas atom. Polarised inert gas is thus formed 

Alkali atoms are used as they have a great optical dipole moment which 
interacts with the light. Alkali atoms also have a respective free electron which 
prevents disadvantageous interactions between two and more electrons per 
atom. 

Caesium would be a particularly suitable alkali atom and is superior to 



rubidium for achieving the aforementioned effects. At present, however, there are 
no lasers available with sufficiently high power, as required for the polarisation of 
xenon by means of caesium. However, it is expected that lasers with powers of 
100 watts at the wavelength of caesium will be developed in future. Then, 
caesium will probably preferably be used for the polarisation of inert gases. 

In the prior art, a gaseous mixture is conveyed slowly under a pressure 
typically of 7 to 10 bar through a cylindrical glass cell. The gaseous mixture 
consists of 98 percent of 4 helium, one percent of nitrogen and one percent of 
xenon. The typical velocities of the gaseous mixture are a few ccm per second. 

The gaseous mixture initially flows through a vessel (hereafter called 
"storage vessel")in which there is about one gram of rubidium. The storage vessel 
with the rubidium located therein is heated together with the adjoining glass cell to 
about 100 to 150 degrees Celsius. The rubidium is vaporised by providing these 
temperatures. The concentration of the vaporised rubidium atoms in the gaseous 
phase is determined by the temperature in the storage vessel. The gas stream 
conveys the vaporised rubidium atoms from the storage vessel into the cylindrical 
sample cell. A powerful circularly polarised laser (100 watt power in continuous 
operation) passes axially through the sample cell (also hereinafter called "glass 
cell")and optically pumps the rubidium atoms into a highly polarised state. The 
wavelength of the laser must be adapted to the optical absorption line of the 
rubidium atoms (Dl line). In other words, for optimum transmission of the 
polarisation of the light to an alkali atom, the frequency of the light must coincide 
with the resonant frequency of the optical crossover. The sample cell is located in 
a static magnetic field of a few 10 gauss which is generated by a coil (pair of 
Helmholtz coils). The direction of the magnetic field extends parallel to the 
cylinder axis of the sample cell or parallel to the beam direction of the laser. The 
magnetic field serves to guide the polarised alkali atoms. The rubidium atoms 
which are optically highly polarised by the light of the laser collide in the glass cell, 
inter alia with the xenon atoms, and transmit their high polarisation to the xenon 
atoms. On leaving the sample cell, the rubidium settles on the wall owing to the 



high melting point in comparison to the melting points of the other gases. The 
polarised xenon or the gaseous mixture is relayed from the sample cell into a 
freezeout unit. This consists of a glass flask of which the end is immersed in 
liquid nitrogen. The glass flask is also located in a magnetic field with a strength 
of 1 ,000 to 2,000 gauss. The highly polarised xenon gas settles on the internal 
glass wall of the freeze-out unit as ice when the glass wall is immersed into the 
liquid consisting of nitrogen. At the outlet of the freeze-out unit, the remaining gas 
(helium and nitrogen)is conveyed via a needle valve and finally discharged. 

The flow rate in the entire arrangement can be controlled by the needle 
valve and can be measured using a measuring device. If there is an excessive 
increase in the flow rate, there is no time for transmission of polarisation from the 
rubidium atoms to the xenon atoms, so no polarisation is achieved. If the flow rate 
is too low, too much time elapses before the desired amount of highly polarised 
xenon freezes. In fact polarisation of the xenon atoms decreases again due to 
relaxation. Relaxation of the xenon atoms is markedly decelerated by the freezing 
and by the strong magnetic field 

to which the freeze-out unit is exposed. It is therefore necessary to freeze the 
inert gas as quickly as possible and with a minimum of loss after polarisation. 
Although relaxation cannot be avoided owing to freezing, there are still 1 to 2 
hours at T=77 K before polarisation has diminished to such an extent that further 
use of the initially highly polarised gas is no longer possible. 

A certain amount of energy is required to polarise a single free alkali atom. 
The energy required corresponds to the resonant frequency for raising the free 
electron of the alkali atom from the basic state into an excited state. For optimum 
transmission of the energy from a laser to the alkali atom, the frequency of the 
laser light must be adapted to the resonant frequency of the alkali atom. Lasers 
generally transmit their light within a specific frequency spectrum. This is not a 
single frequency but a distribution of frequencies. The available laser spectrum is 
characterised by the so-called line width. Alkali atoms are polarised most 
effectively if the line width of the laser coincides with the line width of the optical 
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crossover of the alkali atom. The optical line width of an alkali atom is accordingly 
proportional to the pressure of the added 4 helium laser (pressure broadening). In 
fact, the higher the pressure, the higher the number of collisions between an alkali 
atom and a collision partner such as helium. 

The 100 watt strong laser used in the prior art is a glass fibre-coupled 
diode laser with a typical spectral width of 2 nanometres. At a gas pressure of 10 
bar, the line width of the optical crossover of rubidium atoms is broadened to 
about 0.3 nanometres. Therefore, only a fraction of the laser light is used in 
existing rubidium/xenon polarisers in which expensive diode lasers with a typical 
line width of 2 nanometers are used for optical pumping. If the much cheaper 
diode lasers with a line width of 4 to 5 nm are used at 10 bar gas pressure, the 
efficiency is still much lower. 

In a gaseous mixture according to the prior art, the partial pressures of 
helium are currently up to 10 bar. This is very high in comparison with the other 
partial pressures. In addition to the pressure broadening of the optical crossover 
of the alkali atom, the high partial pressure means that polarised atoms only 
rarely reach the sample wall of the glass cell and lose their polarisation there, for 
example due to interaction with paramagnetic centres. The likelihood that 
polarised atoms will disadvantageous^ collide with the cell wall decreases with 
increasing partial pressure. 



In order to utilise the full power of the laser and at the same time to reduce 
25 disadvantageous relaxation effects due to collisions with the wall, helium pressure 

far above 30 bar would have to be employed. 

The following should also be noted when putting together the gaseous 
mixture. 



30 



After absorbing a photon originating from the laser, an alkali atom such as 
rubidium is capable of emitting a photon due to fluorescence (fluorescence 
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photon). If this fluorescence photon is captured by an adjacent polarised alkali 
atom, this capture leads to the depolarisation of the alkali atom. The nitrogen, 
used in the polarisation of inert gases, in the gaseous mixture suppresses (" 
quenches")this fluorescence radiation in order to reduce the aforementioned 
undesirable depolarisation. The nitrogen partial pressure is typically 0.1 bar in the 
prior art. 

The heavy inert gas atoms, for example xenon atoms, cause marked 
relaxation in the polarisation of the alkali atoms during collisions with the alkali 
atoms. To maximise the polarisation of the alkali atoms during optical pumping, 
the partial pressure of the inert gases in the gaseous mixture has to be suitably 
low. Even with a xenon partial pressure in the gaseous mixture of only 0.1 bar, 
laser powers of 100 watts are required to achieve 70 percent polarisation of the 
alkali atoms in the entire sample volume. 

Glass cells blown from one piece of glass are used in the prior art. In the 
past, there was no other way to produce a glass cell which was capable of 
withstanding the desired high pressures and at the same time ensured high 
optical quality. With the aforementioned production of the glass cell, the windows 
through which the laser light enters and issues are invariably curved or rounded. 
Undesirable disadvantageous lens effects occur during the ingress or egress of 
the laser light. The laser light is focussed or expanded. This considerably 
impairs the efficiency with which alkali atoms in the gaseous mixture of the glass 
cell are polarised. 

A glass cell for the polarisation of inert gases is to satisfy the following 
requirements. 

It must withstand a high pressure of at least 10 bar and be non-magnetic 
and resistant to alkali metals at temperatures of up to 200 degrees Celsius. 



The glass cell should be adapted to be closed by valves. The valve heads 
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or ring seals must withstand 200 degree Celsius in the presence of the gaseous 
mixture and must also be nonmagnetic and pressure-resistant. The influence of 
the valves on the polarisation of the inert gas should be as low as possible. 

5 The surface in the interior of the cell should not have a destructive 

influence on xenon or rubidium polarisation. Therefore, there should be no 
paramagnetic or even ferromagnetic centres on the internal wall of the cell. The 
material making up the cell should be absolutely non-magnetic. 

10 The laser light should be adapted to be propagated through the cell as far 

as possible without lens effects, i. e. in parallel. 

The entry window of the cell should absorb as little as possible of the laser 
light. Otherwise, in particular the entry window will be excessively heated and 
15 ultimately destroyed. 

The entry window should not be birefringent either at normal pressure or at 
high pressure. Otherwise, the circular polarisation of the laser would be destroyed 
or at least diminished. 

20 

An object of the invention is to provide a sample ceil which is superior to 
the prior art in meeting these requirements. 

The object of the invention is achieved by a glass cell having the features 
25 of the first claim. A method of producing the glass cell comprises the features of 

the independent claim. Advantageous developments emerge from the sub-claims. 

The glass cell according to the claims comprises a glass body with an 
orifice. A plane glass window is inserted into the orifice. The shape and size of the 
30 window corresponds to the shape and size of the orifice. The orifice comprises a 

rim which is wider than the thickness of the window. This is to allow extensive 
contact between the window and the rim of the orifice. The rim of the window is 

-7- 



fused with the rim of the orifice. 

A glass cell comprising a flat entry window can thus be provided. This 
allows a parallel beam path through the window. 

The glass body also comprises a gas inlet and a gas outlet. 

The glass body has, in particular, the form of a cylinder. The plane window 
is then formed by a disc. The diameter of the disc corresponds to the internal 
diameter of the glass body. The disc is inserted a short distance into the cylinder. 
The internal wall of the cylinder then provides a large contact area which can be 
fused with the rim of the disc. This internal face then forms the rim of the orifice 
which is broader than the thickness of the window. 

Advantageously, the two orifices of the cylinder are sealed by a respective 
plane window. 

The cylinder further comprises a gas inlet and a gas outlet. 

In order to join the window rigidly to the glass cell, the rim is heated several 
times, in particular to 1 ,400 to 1,500 degrees Celsius so the respective region is 
melted several times. If the glass body is a cylinder, it is heated from the exterior 
in order to fuse an inserted window with the cylinder. 

A radius of 1 to 2 mm is created at the internal and external edge of the 
window owing to the repeated melting. As a result, the glass cell is 
pressure-resistant and at the same time has at least one plane entry window. 

Advantageously, a window is ground prior to fitting and prior to fusion with 
the rim of the orifice of the glass body and is then cleaned with an acid, in 
particular with 15 percent hydrofluoric acid. In particular, the rim is ground 
cylindrically. These steps ensure a quite particularly durable joint with the rim of 
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the orifice of the glass body. 

Borosilicate glass is provided as material for the glass body or borofloate 
glass (borosilicate glass 3.3 ISO standard)for the window or windows. Both 
5 materials have the same coefficient of thermal expansion and may therefore be 

fused particularly well. Furthermore, both borosilicate glasses have few 
paramagnetic centres and are virtually not birefringent when pressure is applied, 
for example like quartz glass. 

10 The glass body, for example the cylinder, typically has an internal diameter 

of 24 millimetres. The wall thickness is 5 millimetres or greater. A radius which 
joins the window to the glass body typically projects by 1 to 2 millimetres. 

A glass cell of this type withstands a pressure of 1 5 bar. 

15 

Valves produced predominantly from glass are advantageously provided at 
the entrance and at the exit of the sample cell. If ring seals have been inserted 
for the glass valves, they consist of ethylene propylene. Ethylene propylene is 
resistant to alkalis and has no paramagnetic centres. Furthermore, the material 
20 absorbs virtually no inert gas. 

No significant loss of polarisation was found immediately before and after 
this valve after NMR measurement of xenon polarisation. 

25 The invention will be explained in more detail with reference to the 

following figures. 

Fig. 1 shows the basic construction of the sample cell. The sample cell is 
composed of a cylinder 1 consisting of glass and two plane windows 2 and 3. The 
30 plane windows 2 and 3 are inserted a short distance into the respective ends of 

the cylinder. The windows 2 and 3 are rigidly joined to the cylinder 1. The 
gaseous mixture is initially conveyed into the sample cell and out again after 
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polarisation. The tubes 4 and 5 may be sealed by valves 6 and 7. Inlet tube 4 has 
a portion of enlarged diameter between the valve 6 and the sample cell 1,2,3. 
This portion receives alkali metal which vaporises here and can then be 
transported into the sample cell. 

Fig. 2 is a cross-section of the sample cell. Entry window 2 and exit window 
3 are inserted a short distance into the cylinder 1 . The windows 2 and 3 have 
been joined to the cylinder 1 by repeated melting. The radii 8 form a fused joint 
between the plane windows 2 and 3 and the cylinder 1 . The radii 8 are located on 
either side of a respective window 2 and 3 and adjoin the cylinder 1 . The cylinder 
1 consists of borosilicate glass. The windows consist of borofloate glass. The 
cylinder wall is 5 mm thick. The windows also have a wall thickness of 5 
millimetres. The external diameter of the cylinder is about 35 to 40 mm. 

Borofloate glass and borosilicate glass have the same coefficients of 
thermal expansion. The windows therefore fuse particularly well with the cylinder. 
A very pressure-resistant cell then exists, which even withstands pressures of 15 
bar. 

Fig. 3 is a cross-section through a valve 6 or 7. The end of a line 4 
(tube)consisting of glass opens into a funnel 9. A thread 10 adjoins the funnel. A 
cap 1 1 composed of plastics material is screwed onto the thread 10. The cap 1 1 
has a corresponding internal thread. A bolt 12 consisting of glass is fastened 
centrally internally on the cap 1 1 . The bolt 12 penetrates into the funnel 9. The 
bolt 12 comprises two grooves containing O-rings 13. The O-rings 13 consist of 
ethylenepropylene. A branching tube located at the upper rim with the large 
diameter of the funnel 9 is not shown. An intermediate length of pipe, not shown, 
from which a tube branches may also be provided between funnel 9 and thread 
10. 

Once the cap 1 1 is screwed in, the leading O-ring produces a tight seal 
with the funnel 9. The valve is then closed. 
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The bolt 12 can have a greater external diameter than the internal diameter 
of the tube 4 and, at the end facing the funnel, a tapering portion which opens into 
the funnel. This portion acts as a counterpart to the funnel. An O-ring is provided 
at the tapering portion in such a way that the tapering portion ends tight against 
the funnel 9 when the bolt 12 has been moved sufficiently far in the direction of 
the funnel by screwing of the cap 1 1 . The aforementioned high pressures are 
possible, in particular, with this embodiment. 



Claims 



1. Sample cell with a glass body (l)comprising a gas inlet (4)and a gas outlet 
(5)and at least one orifice, 

-a plane glass window (2)is inserted into the orifice, 

-the shape and size of the window (2)corresponds to the shape and size of 
the orifice, 

-the orifice is limited by a rim, 

-the rim is wider than the thickness of the window, 

-the rim of the window is fused with the rim of the orifice. 

2. Sample cell according to claim 1 , characterised in that the glass body has 
the form of a cylinder (I), the plane window (2)being formed by a disc which is 
inserted into the glass body at one end of the cylinder. 

3. Sample cell according to claim 1 or 2, characterised in that the sample cell 
comprises two plane windows (2, 3)which are arranged parallel to one another. 

4. Sample cell according to any of the preceding claims, characterised by two 
projecting radii (8)of at least one millimetre on either side of the window or 
windows, which radii are arranged directly adjacent to the circumference of the 
window and form a pressure-resistant joint with the rim of the orifice. 

5. Sample cell according to any of the preceding claims, characterised by 
borosilicate glass of which the glass body (1)is composed and borofloate glass of 
which the windows (2, 3)are composed. 

6. Sample cell according to any of the preceding claims, characterised in that 
the glass (1 , 2, 3)is at least 5 mm thick. 



7. Sample cell according to any of the preceding claims, characterised in that 
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the external diameter of the glass body (1)is between 20 and 100 millimetres, in 
particular between 35 and 40 millimetres. 

8. Sample cell according to any of the preceding claims, characterised in that 
the sample cell is part of a polariser for polarising a inert gas. 

9. Sample cell according to any of the preceding claims, characterised in that 
valves (6, 7)which are produced from glass and comprise ring seals made of 
ethylene propylene are provided at the entrance and exit for the gas. 

1 0. Method of producing a sample cell according to any of the preceding 
claims, which is characterised in that a glass body with an orifice, an inlet and an 
outlet is provided, a plane window is inserted into the orifice, the circumference of 
the window corresponding to the circumference of the orifice and the rim of the 
orifice being thicker than the thickness of the window, and the rim is heated from 
the exterior at least twice in such a way that the glass in the vicinity of the rim 
melts, creating a fused joint between the window and the rim. 

1 1 . Method according to the preceding claim, in which the rim or rims of each 
window is ground prior to insertion and prior to fusion with the rim of the orifice of 
the glass body, in particular the rim is ground cylindrically and is then cleaned with 
an acid, in particular with hydrofluoric acid. 

12. Use of a sample cell according to any of the apparatus claims at pressures 
of at least 1 0 bar. 
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Abstract 



The invention relates to a sample cell with a glass body comprising a gas 
inlet and a gas outlet and at least one orifice, a plane glass window is fused into 
the orifice, the shape and size of the window corresponds to the shape and size 
of the orifice, the orifice is limited by a rim, the rim is wider than the thickness of 
the window, the rim of the window is fused with the rim of the orifice. 

The invention further relates to a method of producing the sample cell. The 
window is inserted into the orifice. The rim of the orifice is heated several times 
from the exterior in such a way that the glass melts and a fused joint is formed 
between the window and the rim of the orifice. 

The sample cell produced by the method has a particularly rigid joint 
between the window and the glass body. Therefore, this glass cell is able to 
withstand pressures above 10 bar and allows the passage of light without lens 
effects owing to its plane-parallel windows. 

The sample cell is used in a polariser for inert gas. 



-14- 



:t. O O 71. 0 >' fiS 5 . O 3^2 e O £3 



RENNER. OTTO, BOISSELLE & SKLAR 

Attorney Docket No. TURKP01 18US PATENT (OUS) 
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As a below named inventor, I hereby declare that my residence, post office address and citizenship are as stated 
below next to my name; and I believe I am the original, first and sole inventor (if only one name is listed below) 
or an original, first and joint inventor (if plural names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled: 

Title: SAMPLE CELL FOR AN INERT GAS POLARISER 

the specification of which 
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Federal Regulations §1. 56(a). 

PRIORITY CLAIM 

I hereby claim priority benefits under Title 35, United States Code, §1 1 9 of (i) any foreign appiication(s) for patent 
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As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and 
transact ali business in the Patent and Trademark Office connected therewith. (List name and registration 
number) 

Armand P. Boisselle, Reg. N o. 22,381 ; Warren A. Sklar, Reg. No . 26,373; Do n W. Bulson, Reg. No v 28,192^ 
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as to any actions to be taken in the Patent and Trademark Office regarding this application without direct 
communication between the U.S. attorney(s) and the undersigned. In the event of a change in the person(s) 
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I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made with knowledge 
that willful false statements and the like are punishable by fine or imprisonment, or both, under Section 1001 of 
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